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1
CONTROLLED FORCE ACTUATOR SYSTEM

This application claims the benefit of U.S. Provisional
Application entitled CONTROLLED FORCE ACTUATOR

SYSTEM, Ser. No. 60/010.816. filed Jan. 30, 1996. the
disclosure of which is incorporated by reference.

BACKGROUND OF THE INVENTION

This invention relates to controlled force actuating sys-
tems and more particularly. to an actuating system in which
an actuating force is supplied by controlled release of a
loaded spring. The actuating system is particularly appli-
cable to the development of normal forces for friction

devices such as power transmitting clutches or friction
brakes but is also useful in other applications.

Automotive power transmitting or starting clutches rep-
resent one of the more challenging applications of controlled
force actuating systems in which a relatively large amount of
energy stored in a spring must be controlled during release
and restored to the spring. Such clutches employ frictionally
engaged torque transmitting components which must remain
fixed to each other by the spring force without slippage when
fully engaged. and which must be engaged under control to
avoid an abrupt transition of power transmission during
engagement. Traditionally, the relatively large force actuat-
ing springs of automotive clutches have been operated by
control systems involving levers, ball ramps or other force
reduction devices by which the actuating spring may be
controlled by a foot pedal. for example.

The conventional control systems for automotive starting
clutches are not only complex and space consuming, but
also, they are not suited to automation because of the large
amounts of energy required for their operation. In this latter
respect, the development of on-board computers in automo-
tive vehicles has given rise to much interest in automating
the operating of starting clutches and the power transmis-
sions with which they are used. In spite of many recent
attempts to accomplish such automation, the energy require-

ments to retract and control the release of the clutch spring
have been a major obstacle.

Hence, there is an acute need for a controlled force
actuating system by which a large spring force can be
exerted but which can be operated by a relatively small

amount of control energy. This need exists not only in
automatic clutch applications. but also in numerous other

applications where spring stored energy is released and
retracted to and from a load.

SUMMARY OF THE INVENTION

The advantages and purpose of the invention will be set
forth in part 1n the description which follows, and in part will
be obvious from the description. or may be learned by
practice of the invention. The advantages and purpose of the
invention will be realized and attained by means of the
elements and combinations particularly pointed out in the
appended claims.

To attain the advantages and in accordance with the
purpose of the invention, as embodied and broadly described
herein, the controlled force actuating system of the invention
includes a positive Belleville spring and a negative
Belleville spring arranged in series between a load member
and a reaction member. The positive spring is initially in a
relaxed condition and the negative Belleville spring is
initially 1n a loaded energy storing condition. The negative
Belleville spring is an outer annular portion of a diaphragm
having a peripheral outer edge and at least on integral finger
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radiating inwardly from the outer annular portion. The
positive Belleville spring is an annulus having inner and
outer edges. the inner edge of the annulus lying outside the
peripheral outer edge of the diaphragm. A hinge device is
provided for pivotally connecting the outer edge of the
diaphragm to the inner edge of the annulus. Thus, energy
stored 1n the negative Belleville spring may be applied
between the load member and the reaction member, through
the positive Belleville spring by an axial control force
applied to the at least one finger.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the
invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings. which are incorporated in
and constitute a part of this specification, illustrate several
embodiments of the invention and together with the
description, serve to explain the principles of the invention.
In the drawings,

FIG. 1 is a fragmentary cross-section illustrating the
actuating system of the invention applied to an automotive
starting clutch shown in a disengaged or open condition;

FIG. 2 is a fragmentary cross-section illustrating the
actuator system of FIG. 1 in a different operating condition;

FIG. 3 is a fragmentary cross-section illustrating the
actuating system in the clutch of FIG. 1 which has been
completely closed;

FIG. 4 is a graph illustrating force versus deflection
characteristics of a Belleville spring;

FIG. 5 is a graph in which the force/deflection character-
istics of separate positive and negative Belleville springs are
represented by respective curves; and

FIG. 6 is a cross-section illustrating parameters of a
Belleville spring.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made in detail to the present
exemplary embodiments of the invention. examples of
which are illustrated in the accompanying drawings. Wher-
ever possible. the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

Because the operation of the actuating system of the
invention is dependent largely on the characteristics of a
negative Belleville spring, reference is first made to FIG. 6
in which the dimensions of a typical Belleville spring Bs are
indicated to include an outside diameter DE. an inside
diameter DL a thickness t. and a conical height ho.

An example of the force deflection characteristics of a
Belleville spring are illustrated in FIG. 4. In particular.
relative units of force are given on the ordinate of the curve
C in FIG. 4 whereas relative units of deflection are indicated
on the abscissa. In a state of rest. the Belleville spring will
be in the condition illustrated in FIG. 6. for example. This
state is also illustrated by an icon Bi in FIG. 4 when F/Fo=0
and s/ho=0. If an axial force F is applied to the Belleville
spring. a deflection s in an axial direction will occur. as
represented by the reduced height of the icon B2, but with
the applied force increasing to a maximum as illustrated on
the side of the curve C shown in FIG. 4 to the left of the top
of the curve C representing a deflection s/ho of approxi-
mately 0.45. With continued deflection. depicted by the
icons B3, B4 and BS, the applied force begins to reduce after
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reaching the maximum. and diminishes on the side of the
curve C to the right of the top of the curve C. down to zero.
In this deflection process. it will be noted that when s/ho=1.
the configuration of the Belleville spring will have reached
a flat configuration. as represented by the icon B4. Also,
after passing the flat configuration, the applied force is
further reduced along the curve C to zero, and at maximum
deflection, is inverted or cocked as depicted by the icon BS.

The term “negative Belleville spring” is used herein and
in the appended claims to designate a Belleville spring that
is initially loaded with energy and that operates between
s/ho=0.45 and 1.25 in the example of FIG. 4. or generally
between the maximum spring force and zero with the spring
inverted. The term “positive Belleville spring” is used to
designate a Belleville spring that is initially unloaded or
relaxed and that operates along the left side of the curve C
shown in FIG. 4, or a spring that is deflected generally
between its initial shape and a point of maximum stored
spring force.

An important feature of the negative Belleville spring is
that when it releases the energy stored therein from the
condition represented by the icon BS, the force of the
released energy increases from minimum to maximum val-

ues as deflection s is decreased as represented by the right
side of the curve C shown in FIG. 4.

In accordance with the present invention. a force actuator
system is provided in which two springs are used 1n series,
one of the two springs being a negative Belleville spring,
whereas the other is a positive spring. preferably a positive
Belleville spring. Thus, the negative Belleville spring 1s
initially preloaded whereas the positive Belleville spring
operatcs as a spring that can be loaded and unloaded.

In FIGS. 1-3. an automotive clutch organization is gen-
erally designated by the reference numeral 10 and illustrated
as including such conventional components as a fiywheel
12, a clutch cushion 14. a pressure plate 16, and a back plate
18. The back plate 18 is fixed to the flywheel 12 for rotation
therewith and against axial displacement with respect to the
flywheel 12 as is well known in the art. Also, the pressure
plate 16 is connected to rotate with the flywheel. or alter-
natively with the back plate. by a set of springs (not shown),
which apply an axial force tending to pull the pressure plate
away from the flywheel. Input power is supplied to the
clutch 10 through the flywheel 12. Output power is delivered
from the clutch 10 through a radial disc 20, when the clutch
is closed or engaged, to an appropriate output shaft (not
shown). In FIGS. 1-3. only half-sections of components are
shown. In practice all illustrated components are symmetri-

cal about and rotatable on a central axis 22.

In accordance with the invention. the automotive clutch
10 is equipped with a controlled force actuating system
including an initially relaxed positive Belleville spring and
an initially loaded and cocked negative Belleville spring
arranged in series between a load member and a reaction
member. The positive Belleville spring is shaped as an
annulus articulated at its inner edge with the outer peripheral
edge of a diaphragm in which the negative Belleville spring
is incorporated as an outer annular portion.

In the embodiment of the invention shown in FIGS. 1-3,
the positive Belleville spring Bp is configured as an annulus
24 circumscribing the axis 22 and having an outer edge 26
and an inner edge 28. In the region of the outer edge 26, a
plurality of cylindrical pins 30 are secured to the annulus 24
such as by welding. The pins 30 extend within openings
through the back plate 18, and are freely slidable in such
openings when the positive Belleville spring is in a relaxed
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condition as shown in FIG. 1. The pins 30 provide compen-
sation for wear in the clutch cushion 14 in a manner that will
be apparent from the description to follow.

The negative Belleville spring Bn 1s formed by an annular
portion 32 of a circular diaphragm 34. The annular portion
32 extends radially from an outer peripheral edge 36 of the
diaphragm 3, inwardly to a bearing edge 37 located at outer
ends of radial slots which delineate inwardly extending
radial control fingers 38 in the diaphragm 34. Capped pins
40 fixed to the pressure plate 16. and bearing wires 42.
support the diaphragm from the pressure plate 16 so that the
outer annular portion 32 may pivot about the bearing edge
37 thereof. The outer peripheral edge 36 of the diaphragm is
articulated or hinged to the inner edge 28 of the annulus 34.
forming the positive Belleville spring Bp. by a wire ring 46
seated in grooves formed in the inner edge 28 of the annulus
34 and in the outer peripheral edge 36 of the diaphragm 34.

As in conventional clutch operation, an actuating spring
force is used to urge the pressure plate 16 toward the
flywheel and against the clutch cushion 14. An important
aspect of the present invention, however, is that the actuating
spring force is controlled by a very small control force Fc
applied to the control fingers 38. In particular. movement of
the control fingers 38 in a direction to the left in FIGS. 1-3
will cause the negative Belleville spring Bn to start releasing
force stored therein and apply an increasingly strong actu-
ating force to the outer positive Belleville spring Bp. Since
the outer positive Belleville spring is connected in series to
the negative Belleville spring by the wire ring 46, it accu-
mulates the energy released by the negative Belleville spring
and a large actuating force is developed between the back
plate 18 and the pressure plate 16 tending to urge the
pressure plate toward the flywheel 12. Yet, only a small
control force Fc is needed to control the release of energy
from and return energy to the negative Belleville spring. An

understanding of this operation may be gained from the
graph of FIG. S.

In FIG. 5, two curves Cn and Cp represent respectively,
the force/deflection characteristics of the Belleville springs
Bn and Bp in the clutch 10. The initial condition of the
negative Belleville spring Bn is represented at a point N1 on
the curve Cn and the initial relaxed condition of the positive
Belleville spring Bp is represented by the point P1 on the
curve Cp. The vertical relationship of the two curves Cn and
Cp represents a design of the Belleville springs Bn and Bp
in which the amount of force released by the negative
Belleville spring Bn exceeds the amount of force being
stored in the positive Belleville spring Bp. Thus, in the
absence of a control force Fc on the control fingers 38. in the
embodiment of FIGS. 1-3. the negative Belleville spring Bn
will release from its initial condition and start to load the
positive Belleville spring Bn at the points P1 and N2 on the
respective curves Cp and Cn. The control force Fcl at these
points is one which resists release of energy from the
negative Belleville spring Bn and the magnitude of the
control force Fcl is represented by the difference in the force
exerted by the Belleville spring Bn and that resisted or
balanced by the positive Belleville spring Bp. As the release
of energy from the negative Belleville spring Bn proceeds,
the control force Fc does not change substantially as may be
appreciated by the condition on the curves in FIG. S at points
P2 and N3. Also at this point, the force exerted between the
reaction member represented by the backplate 18 in the
clutch 10 and the load member represented by the pressure
plate 16 builds to a force F1. At the point Inp in FIG. S where
the curves Cn and Cp intersect. the control force Fc3
becomes zero. and the composite force exerted by the two
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springs between the reaction member and the loaded mem-
ber is increased to a maximum force F2. Moreover. the
springs will remain in this condition without a control force
and retain the loading force F2.

To open the clutch 10 or to move the pressure plate 18a
away from the cushion pad 14. for example. the control force
Fc is exerted on the control fingers 38 to reverse the transfer
of energy from the now loaded positive Belleville spring Bp
to the negative Belleville spring Bn, and the difference in
energy supplied by the positive spring Bp and stored by the
negative spring Bn is supplied by the product of control
force and travel of the control cone. As in conventional foot
pedal operation of an automotive clutch, the control force
must be maintained to retain the clutch 10 disengaged and no
control force is applied to maintain the clutch engaged.

Operation of the wear compensating pins 30 may be
apprectated by the progression of clutch closing operation
shown in FIGS. 1-3. As mentioned above, when the positive
Belleville spring Bp relaxed, the pins 30 slide freely in the
back plate 18 to find a position in the open condition of the
clutch 10 as shown in FIG. 1. In FIG. 2, depicting the instant
the pressure plate 16 meets resistance to travel during
closure of the clutch, the negative Belleville spring Bn
begins to load the positive Belleville spring Bp. When this
occurs, the pins 30 bind in the back plate 18 to supply a
reaction to the clutch closing force. In the fully closed
position shown in FIG. 3. the pins 30 canted and bound to
a maximum extent and thus retain the reaction to clutch
closing force. When the clutch is again opened, the pins 30
will relocate in the back plate 18 when the positive Belleville
spring Bp is unloaded and relaxed.

Other embodiments of the invention will be apparent to
those skilled in the art from consideration of the specifica-
tion and practice of the invention disclosed herein. It is
intended that the specification and examples be considered
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as exemplary only. with a true scope and spirit of the
invention being indicated by the following claims.

What is claimed is:

1. In a controlled force actuating system including a
positive Belleville spring and a negative Belleville spring
arranged in series between a load member and a reaction
member, the positive spring being initially in a relaxed
condition and the negative Belleville spring being initially in
a loaded energy storing condition. the improvement wherein
the negative Belleville spring is an outer annular portion of
a diaphragm having a peripheral outer edge and at least one
integral finger radiating inwardly from the outer annular
portion. wherein the positive Belleville spring is an annulus
having inner and outer edges, the inner edge of the annulus
lying outside the peripheral outer edge of the diaphragm, and
including hinge means for pivotally connecting the outer
edge of the diaphragm to the inner edge of the annulus.
whereby energy stored in the negative Belleville spring may
be applied between the load member and the reaction
member, through the positive Belleville spring by an axial
control force applied to the at least one finger.

2. The controlled force actuating system of claim 1,
wherein the hinge means comprises. a wire of circular radial
cross section nested in grooves formed in the inner edge of
the annulus and the outer edge of the diaphragm. respec-
tively.

3. The controlled force actuating system of claim L.
wherein the diaphragm includes a plurality of the fingers
symmetrically disposed about the center of the annular
portion.

4. The controlled force actuating system of claim 3.
wherein the plurality of fingers are defined by slots having
outer ends. the outer annular portion having an inner bearing
edge at the outer ends of the slots.
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